AO>A055  714 
UNCLASSIFIED 


NAVAL  AIR  development  CENTER  WARMINSTER  PA  AIRCRAFT  —ETC  F/«  11/6 
6ALVANIC  CORROSION  FATIGUE  TESTING  OF  7075-T6  ALUMINUM  BONDED  W— ETC(U) 
JAN  76  S R BROWN*  J J DE  LUCCIA 

NAOC-77328-60  NL 


1 • 

i 

GALVANIC  j:ORROSIONiATIGUE  JESTING  OF  7^75-T6 
i ALUMINUM  BONDED  WITlTGRAPHnE-EPOXY  COMPOSITE 

^ S'  -r  ^ -2- 


' S.  JR. /Brown  ‘•pl.J,  J.^e  Luce i a I 
Aircraft  and  Crew  Systems  Technology  Directorate 
NAVAL  AIR  DEVELOPMENT  CENTER 
Warminster,  Pennsylvania  18974 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


V 

r 

t 


Prepared  for 

NAVAL  AIR  SYSTEMS  COMMAND 
Department  of  the  Navy 
Washington,  D.C.  20361 


» 

V- 


'f, 


78  06  ^0 


NADC-77328-60 


NOTICES 


REPORT  NUMBERING  SYSTEM  • The  numbering  of  technical  project  reports  issued  by  the  Naval  Air  Development 
Center  is  arranged  for  specific  identification  purposes.  Each  number  consists  of  the  Center  acronym,  the  calendar 
year  in  which  the  number  was  assigned,  the  sequence  number  of  the  report  within  the  specific  calendar  year,  and 
the  official  2 digit  correspondence  code  of  the  Command  Office  or  the  Functional  Directorate  responsible  for  the 
report  For  example:  Report  No.  NAOC-7B015-20  indicates  the  fifteeth  Center  report  for  the  year  1978,  and  prepared 
by  the  Systems  Directorate.  The  numerical  codes  are  as  follows: 

CODE  OFFICE  OR  DIRECTORATE 

00  Commander,  Naval  Air  Development  Center 

01  Technical  Director,  Naval  Air  Development  Center 

02  Comptroller 

10  Directorate  Command  Projects 

20  Systems  Directorate 

30  Sensors  Gt  Avionics  Technology  Directorate 

40  Communication  Gt  Navigation  Technology  Directorate 

50  Software  Computer  Directorate 

60  Aircraft  Gt  Crew  Systems  Technology  Directorate 

70  Planning  Assessment  Resources 

80  Engineering  Support  Group 

PRODUCT  ENDORSEMENT  - The  discussion  or  instructions  concerning  commerdal  products  herein  do  not  constitute 
an  endorsement  by  the  Government  nor  do  they  convey  or  imply  the  license  or  right  to  use  such  products. 


APPROVED  BY: 


ACm,  JR/ 
USN  M 


M.  PAS SAG! 

Captain, 

Deputy  Director,  ACSTD 


DATE- 

10  Jan  1978 


security  CLASSiriCATION  OF  THIS  PAGE  fllTicn  Oat*  Kntaratf) 


REPORT  DOCUMFNTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1 RcRORT  number 

NADC-77328-60 


L 


2.  GOVT  ACCESSION  NO 


y RECIPIENT'S  CATALOG  NUMBER 


4.  TITLE  (mnd  Subtllla) 

Galvanic  Corrosion  Fatigue  Testing  of  7075-T6 
Aluminum  Bonded  With  Graph! te'Epoxy  Composite 


S.  TYPE  OF  report  A PERIOD  COVERED 

Phase 


s.  PERFORMING  ORG.  REPORT  NUMBER 


7 AOTmOR(*) 

S.  R.  Brown  and  J.  J.  De  Luccla 


t.  contract  or  grant  NUMBCRral 


S PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 


Naval  Air  Development  Center 
Aircraft  and  Crew  Systems  Technology  Directorate' 
Warminster,  Pennsylvania  18974 


10.  PROGRAM  element,  PROJECT.  TASK 
AREA  • WORK  UNIT  NUMBERS 

AIKTASK  NO.  ZF  34  590  001 
Work  Unit  No.  ZMbOl 


II  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 


12  REPORT  DATE 

10  January  1978 


IS  number  of  paces 


U monitoring  agency  name  a AODRCSSflf  di/fmrtH  from  Confroflini  O/tted) 


JL2. 


security  class,  (o/  r«porf) 


Unclassified 


IS*.  OECL  ASSIPICATION  DOWNGRADING 
SCHEDULE 


16  DISTRIBUTION  STATEMENT  (of  thi*  Report) 

Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  f/i#  mbttemet  wtt0r0d  in  Block  20,  U dltloront  from  Roport) 


IB.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Conttnuo  on  rovoroo  oido  if 

Galvanic  Corrosion 
Aluminum  Alloy  707S-T6 
Graphite*Epoxy  Composite' 
Fatigue  Tasting 
Accelerated  Testing 


ooty  m%d  Idontity  by  block  ntioibor) 


Ijb.  APS1  RACT  fConllnuo  on  tovoroo  •/<fo  It  noeooomer  ond  Idontity  by  block  numbor) 

^'Galvanic  corrosion  effects  were  determined  on  7075-T6  aluminum  with  attach- 
ed,  adhesively  bonded  sections  of  graphite-epoxy  composite  material.  Fa- 
tigue tests  were  conducted  on  specimens  exposed  to  a sulfur  dioxide-salt 
spray  environment  in  a chamber  constructed  on  a Krouse  direct-stress  fa- 
tigue machine.  S-N  curves  were  developed  under  tension- tens ion  conditions 
(R  ■ And  with  unprotected  specimensiS  20  percent  reduction  in  fatigue 

life  was  attributed  to  the  contacting  graphite-epoxy  composite  material. 
Protective  coatings  and  noncondiirHifp  harrier,  to  break  the  galvanic 


I 


DO 


FORM 
AN  7t 


1473  EDITION  OF  I NOV  E«  1$  OSSOLETE 
S/N  0102-  LF-OU-6601 


UNCIASSIFIED 


l ' 


security  classification  OF  THIS  PAGE  (Wkan  OMa 


'fCCUMlTv  CLAStiriCATlON  OP  THIS  PAOC  (Whm  Data 


ifi 


corrosion  circuit  were  evaluated  under  the  same  corrosion  fatigue 
(tension- tension)  test  conditions.  Epoxy  priner-polyurethene  paint 
systems,  polysulfide  sealants  and  glass  cloth  barriers  were  used  to 
measure  their  effectiveness  In  galvanic  corrosion  control.  Metello- 
greph  and  SEM  (Scanning  Electron  Microscope)  observations  were  made 
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INTRODUCTION 

Craithlte-epoxy  coinpoaite  la  a relatively  new  alrtrauie  utaterlal  with 
a hlt(h-atren^th-to-welKtit-ratlo  and  a Ni^h  modulua  that  achlevea  wel(;Nt 
reductiona  of  23  to  30  percent  tor  aelected  componenta.  Untortunate ly , 
ttraphite  (carbon)  la  near  the  low  potential  (cathodic)  end  ot  the  kaI- 
vanlsed  aerlea  with  an  open  circuit  potential  ot  'fl7UiiiV  while  7073*Tb 
la  at  the  high  potential  (anodic)  end  with  a - 770inV  reading  In  J.31  NaCl 
(reterence  (a)).  With  two  widely  dlaalmllar  conductive  luaterlala  auch  aa 
aluinlnum  and  graphite  In  contact  In  a aalt  water  environment,  galvanic 
corroalon  ot  the  aluminum  la  experienced. 

Early  reaearch  and  development  eltorta  on  graphite-epoxy  coa\poalte 
materlala  centered  on  mechanical  and  atructural  behavior  with  only  limited 
ettorta  directed  to  corroalon  problema  and  prevention.  In  reterence  (b)^ 
work  on  the  compatibility  ot  graphite-epoxy  compoaltea  with  metallic  mater- 
ials identltied  Che  galvanic  corrosion  problem.  Reterence  (a)  la  a algnltl- 
canC  study  conducted  at  NAVAIRDEVCEN  with  electrochemical  and  stress  corro- 
sion cracking  (SCC)  data  obtained  to  detlne  and  evaluate  the  potential 
galvanic  corrosion  problem  In  the  naval  alr-aea  environment. 

An  extension  ot  these  et torts  has  been  undertaken  by  tatlgue  testing 
alumlnum/graphlte-epoxy  composite  couples  In  a realistic  corrosive  en- 
vironment encountered  by  Naval  alrcratC.  Galvanic  corrosion  ettocta  on 
tatlgue  life  were  determined  by  conducting  tension-tension  tatlgue  teats 
on  7073-Tb  aluminum  specimens  with  adhesively  bonded  graphite-epoxy  tabs. 

A sulfur  dloxlde-aalc  spray  environment  was  chosen  as  the  corrosion  medlvim 
since  it  Is  a significant  accelerated  corrosion  test  for  materials  used  In 
Naval  aircraft  (reterence  (c)). 
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VEST  UNIT 

A salt  spray  chamber  was  installed  on  a Rronse  direct  stress  tallRue 
machine  to  study  Kr>‘*phlte-epoxy/nu*tal  alloy  combinations  In  a sultur 
dioxide-salt  spray  environment.  The  tatiy.vie  machine,  chamber  and  support 
equlvmient  are  shown  In  El^iure  1. 


ElKure  I - dalvanlc  Corroslon-Eat Ipie  Vest  Unit 
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The  chamber  la  2 ft.  high  by  1 ft.  wide  by  3 ft.  deep  end  constructed 
of  0.5  in.  thick  acrylic  plastic.  Removable  end  panels  provide  access  to 
the  two  test  stations.  An  atomising  nosele  and  tower  In  the  chamber  plus 
the  external  humidifying  tower  and  solution  reservoirs  provide  the  3 per- 
cent salt  fog  environment.  Sulfur  dioxide  gas  Injection  equipment  Includes 
a flowmeter,  solenoid  valve,  timer  and  compressed  gas  storage  cylinder. 


SPECIMENS 


Fatigue  specimens  were  made  from  0.063  In.  thick  7073-T6  unclad  alum- 
inum sheet.  Specimens  were  fabricated  with  the  direction  of  rolling  in 
the  longitudinal  direction  of  the  panel  so  failure  would  occur  In  the  trans 
verse  direction.  Craphlte-epoxy  tabs  were  laid  up  using  six  layers  of 
Hercules  "Magnamlte"  3301/AS1-6  graphite  prepreg  and  "stepped"  to  minimise 
stress  conocntratlons  at  the  bond  Junction  to  the  aluminum  specimens.  Hyso 
EA9309  was  used  to  adhesively  bond  graphite-epoxy  tabs  to  aluminum  fatigue 
specimens  as  shown  In  Figure  2.  Bonding  conditions  were  117  kPa  (17  psi) 
in  an  autoclave  at  room  temperature  for  24  hours.  A room  temperature  cure 
epoxy  was  used  to  avoid  strength  level  changes  of  the  aluminum. 
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Figure  2 - Calvanlc  Corrosion  Fatigue  Specimen  Graphite- 
Epoxy  Bonded  to  Aluminum 
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TRKMMENTS  \ND  COATINGS 

Aluminum  surfaces  were  precreated  with  Che  conventional  FPL  (Forest 
Products  Laboratory)  etch  prior  to  adhesive  bonding.  The  FPL  treatments 
were  as  follows: 

Distilled  water  68%  by  weight 

Concentrated  sulfuric  acid  23%  by  weight 

Sodium  dichromate  9%  by  weight 

o 

linnersion  conditions  - 20  minutes  at  163-70  C 

The  banding  process  was  started  within  eight  hours  of  Che  FPL  etch  treat- 
ment to  avoid  adverse  reaction  on  Che  aluminum  surface. 

Protective  coatings  applied  Co  prevent  corrosion  included:  MIL-S-8802 
D(2) , Class  A-2  polysulfide  sealant,  MIL-P-23377  epoxy  primer  and  MIL-C- 
81773  aliphatic  polyurethane  paint  topcoat.  A barrier  coating  to  separate 
(electrically  uncouple)  Che  graphite-epoxy  tabs  from  Che  aluminum  was 
fabricated  from  two  plys  of  3M  Scotchply  1003  made  with  "K"  filament. 

TEST  METHOD 

Specimens  were  statically  loaded,  presoaked  (exposed  to  the  corrosion 
environment  without  cycling)  and  Chen  fatigued  under  test  parameters  given 
in  Table  1. 


TABLE  I 

Tension-Tension  Fatigue  Corrosion  Test 

Presoak  - 16  hours  in  S02-salt  spray  fog 

Fatigue  - Tension-tension  fatigue  (R  > 0.1)  at  1200  cpm 
maintaining  S02-salc  spray  fog 

SOj-Salt  Spray  Conditions 

Spray  Solution  - 3%  by  weight  NaCl,  pH  6. 3-7. 2 
Cabinet  temperature  - 350C  (93°F) 

Tower  temperature  - 46®C  (114°F) 

SO2  gas  injection  - continuously  1 hr/6  hr  cycle 
SO2  gas  flow  during  injection  - 6 to  8 cc/min 
Condensate  collection  rate  - 1 Co  2 mls/hr 
Condensate  pH  - 2.3  to  3.2 
Condensate  specific  gravity  - 1.023  Co  1.040 
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RESULTS  AND  DISCUSSION 


TENS ION -TENS ION  FATIGUE 

Fatigue  life  of  bare  7075-T6  was  reduced  from  150,000  cycles  at 
the  AO  ksi  stress  under  ambient  conditions  to  8,A00  cycles  (FPL  etched) 
under  the  same  stress  when  exposed  to  sulfur  dioxide-salt  spray  as 
given  in  Table  1.  A further  reduction  to  6,A00  cycles  was  experienced 
with  bonded  graphite-epoxy  tabs  due  to  the  galvanic  coupling  effect. 
This  is  shown  in  Figure  3. 


Figure  3 - Galvanic  Corrosion  Fatigue  Tests  Without 
Protective  Costings 
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A det^ree  ot  f«tiKu«  lit«  (bar*  7075-Td  «t  ambleut 

condition*)  was  r«cov«r«d  by  appIylUK  protective  coatlati*  ot  poly- 
•ulflde  eealant  to  the  coupled  ed(iea  and  overcoatlnt;  with  Inhibited 
epoxy  primer-polyurethane  topcoat.  Thla  protective  acheme  provided 
an  additional  20,000  cycle*  of  fatigue  life  at  40  kal  over  the  uncoated 
condition  aa  ahowii  by  the  "aaalant  and  paint"  curve  In  Kl^iuie  4. 


FATIGUE  LIFE.  CYCLES 


Kltture  4 - Galvanic  Corroalon-KatlKue  Testa 
8ftect  of  Protective  Coatings 


The  Scotchply  );laaa  harrier  layer  was  ettectlve  In  breakintt  the 
t;alvanlc  couple  between  the  graphite-epoxy  tab*  and  alufflinttm  tatlgue 
apeclmena.  Kealstance  acroaa  regular  adhealvely  bonded  graphite-epoxy 
to  aluminum  was  meaaured  as  bO-100  ohma.  With  the  glass  barrier  cloth 
acting  as  an  Insulator,  resistance  was  100  megaohnis,  a 10^  - fold  in- 
crease. The  S-N  curve  for  specimens  with  the  glass  c loth^ harrier  bonded 
between  the  graphite-epoxy  and  a lumlnum, exposed  to  the  corrosive  environ 
ment|  Is  shown  in  Figure  3. 


Cl 


FATioue  Lire,  cycles 

bigure  3 - Galvanic  Corrosion  Fatigue  Tests 
with  Glass  Cloth  Barrier 


It  should  be  noted  that  the  glass  cloth  restored  fatigue  life  to 
the  aluminum  Co  Che  same  extent  as  the  use  of  sealants.  In  both  cases^ 

Che  galvanic  circuit  between  Che  aluminum  and  Che  composite  is  eliminated. 


CORROSION  OBSERVATIONS 

Corrosion  of  the  7073-T6  aluminum  In  Che  proximity  of  the  graphite- 
epoxy  composite  is  shown  in  Che  Figure  b macrophotographs.  Fitting  is 
most  severe  on  the  panel  edge  and  at  the  a lumlnum/graphl te-epoxy  tab 
boundary.  The  basket  weave  pattern  In  the  retained  adhesive  layer  is 
simply  an  impression  of  the  peel-ply  from  Che  graphite  prepeg  after  re- 
moval of  Che  graphite-epoxy  tab. 
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Figure  0 - Corrosion  of  7075-Tb  Fatigue  Specimens 

Kvident  After  Kemoval  of  craphite-tpoxy  Composite  Tab 


Figure  7 is  a SEM  study  of  a corroded  aluminum  surface  area 
from  Figure  6.  Intergranular  corrosion  is  quite  evident  in  the 
magnified  views  and  was  accelerated  by  the  proximity  of  the  graphite- 
epoxy  to  the  aluminum. 

The  photomicrographs  of  Figure  8 are  of  the  same  specimens  as 
shown  in  Figures  b and  7,  but  were  taken  at  the  opposite  end  of  the 
graphite-epoxy  tab  where  the  fatigue  failure  occurred.  The  cross- 
section  was  made  across  a deep  pit  that  developed  in  the  aluminum 
at  the  end  of  the  graphite-epoxy  tab.  This  pit,  or  a similar  pit, 
served  to  initiate  fatigue  failure  of  their  specimen.  Mount  supports 
shown  in  the  upper  portions  of  the  Figure  8 fa)  and  (b)  are  not  part 
of  the  specimen. 
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Katly.i‘«’  liiiltiifs  III  1 >;1  ii.i  t ol  I i I'ln  pittini'.  slti-s  .it  p.i  .ii'li  1 1 1'- 
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Au  exiimiuat  loi\  ol  a tiactiiio  siiilni't'  (Klv.iin’  lU)  ifvoals 
fatigue  strlations  as  well  as  pits  ‘'••rk  areas)  alter 

tallure  in  tlie  suUur  iliox  Ule-sa  1 1 spray  test  environment. 


^••l^;nr.•  10  - SeannliiK  Kleetron  Mlero^rapli  o!  Oalvanie  O.oiioslon 

KatiKoe  Kraetnre  Snrlaie  iOrlKl>'al  Ma,k;nl  t leat  ion  yOOX) 

Flunres  '>  aiul  10  wi-re  pluHOfiiaplilea  I I v enlareanl  al'ont  2!>  pereeni 
over  original  manni t teat  ion. 
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CONCLUSIONS 

1.  The  sulfur  dioxide-salt  spray  onviroumont  significantly  reduces 

S-N  curve  fatigue  life  of  7075-T6  aluminum.  Additional  fatigue  life  loss 
is  experienced  with  graphite-epoxy  composite  bonded  to  bare  aluminun 
because  of  the  galvanic  corrosion  effect.  Accelerated  pitting  caused  by 
the  galvanic  effect  acts  to  provide  stress  concentrations  that  nucleate 
fatigue  cracks. 

2.  Application  of  protective  coating  systems  vastly  improves  tatlgue  lile 
of  the  7075-Tb  aluniitumt  with  adhesively  bonded  graphlte-epc>xy  c^xnposlte 
exposed  to  the  sulfur  dioxide-salt  spray  test  environment.  The  system  used 
was  MlL-S-8802  polysulfide  sealant  applied  to  composite/a luminimi  ]unct ions 
and  coating  exposed  surfaces  with  MlL-l’-23377  inhibited  epoxy  primer  and 
MIL-C-81773  polyurethane  paint  topcoat. 

3.  A glass  cloth  barrier  bonded  between  the  graphite-epoxy  coiaposite 
and  7075-Tb  aluminum  effectively  prevented  accelerated  pitting  due  to 
galvanic  corrosion. 


R K C 0 M N K N U A T IONS 


The  combination  of  a nonconduc t 1 ve  barrier  to  break  the  internal 
galvanic  corrosion  circuit  plus  sealant  and  paint  coatings  to  exclude 
external  corrosion  is  recommetided  to  control  corrosion  at  Junctions  oi 
graphite -epoxy  composite  and  aircraft  alloys. 


K U T U R K 1’  1.  A N S 

l-Ti  300,  an  adhesive  being  used  to  bond  graphite-epoxy  layers  to 
aluminum  honeycotab  in  the  K-18,  will  be  evaluated  as  a barrier  coating 
since  it  has  a tight  weave  scrim  cloth.  The  ITlTOO  will  be  compared  to 
3M  Scotchply  1003  glass  cloth  with  and  without  protective  overcoat  systems. 


A C N O W 1.  K 0 t:  K M K N T 

The  assistance  of  Mr.  I’.  J.  Rabat  ini  with  the  test  system  installation 
and  the  test  program  is  gratefully  acknowledged. 
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